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In the title chiral sulfinic acid ester, C 18 H 2 60 4 S, the cyclo- 
hexane ring of the menthyl fragment adopts a chair 
conformation. The molecular shape is defined by the dihedral 
angle of 47.87 (8)° between the mean planes of the cyclo- 
hexane and benzene rings. In the crystal, molecules related by 
the screw axis are connected into chains along [010] by weak 
C ar — H- ■ 0=S contacts. 

Related literature 

For the synthesis of the title compound, see: Klunder & 
Sharpless (1987) and of chiral sulfoxides, see: Drabowicz et al. 
(1982); Solladie et al. (1987). For applications of menthol in 
synthetic chemistry, see Oertling et al. (2007). For structural 
studies of analogous chiral sulfinic acid esters, see: Mariz et al. 
(2010); Heinemann et al. (2007); Cherkaoui & Nicoud (1995). 



Z = 2 

Cu Ka radiation 
H = 1.72 mm~' 

Data collection 

Oxford Diffraction Xcalibur PX 

diffractometer 
Absorption correction: multi-scan 

(CrysAlis RED; Oxford 

Diffraction, 2006) 

r mi „ = 0.660, r m „ = 0.872 

Refinement 

R[F 2 > 2a(F 2 )] = 0.031 

wR(F 2 ) = 0.078 

S = 1.07 

2354 reflections 

209 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



T = 150 K 

0.26 x 0.22 x 0.08 mm 



4681 measured reflections 
2354 independent reflections 
2115 reflections with / > 2a(I) 
R,„. = 0.021 



H-atom parameters constrained 
Aytw = 0.15 e A" 3 
Ap min = -0.22 e A" 3 
Absolute structure: Flack (1983), 

767 Friedel pairs 
Flack parameter: 0.038 (18) 



D-H-A 


D—H 


H-A 


D- A 


D-H-A 


C5-H5- ■ 04 1 


0.95 


2.42 


3.337 (3) 


161 


Symmetry code: (i) 


-x+l,y-\, -z- 


hi. 







Data collection: CrysAlis CCD (Oxford Diffraction, 2006); cell 
refinement: CrysAlis RED (Oxford Diffraction, 2006); data reduc- 
tion: CrysAlis RED; program(s) used to solve structure: SIR97 
(Altomare et al, 1999); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for 
Windows (Farrugia, 2012); software used to prepare material for 
publication: PARST (Nardelli, 1995). 

The authors acknowledge the CRIST (Centro di Cristallo- 
grafia Strutturale, University of Firenze), where the data 
collection was performed. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: YK2089). 
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Experimental 

Crystal data 

CisH 2 60 4 S 
M r = 338.45 
Monoclinic, P2^ 
a = 9.7918 (2) A 



b = 9.3938 (2) A 
c = 10.6998 (2) A 
P = 112.176 (2)° 
V = 911.39 (3) A 3 
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(1 /?,2S,5/?)-(-)-Menthyl (S)-2-(methoxycarbonyl)benzenesulfinate 
Maria Altamura, Antonio Guidi, Loic Jierry, Paola Paoli and Patrizia Rossi 
Comment 

As a result of the trigonal pyramidal stereochemistry which characterizes the sulfur atom in organic sulfinic acid esters 
and sulfoxides bearing two different substituents, these species are chiral. Chiral sulfoxides are key intermediates for 
asymmetric synthesis and can be obtained from the reaction of an organometallic reagent {e.g. a Grignard reagent) with a 
diastereomerically pure sulfmate ester of menthol (Drabowicz et al, 1982). On the other hand, menthyl sulfmates can be 
prepared by reaction of menthol (Oertling et al, 2007) either with sodium sulfmates (Solladie et al, 1987) or with a 
sulfonyl chloride in the presence of trimethylphosphite as in situ reducing agent (Klunder & Sharpless, 1987). We used 
the latter method to prepare the chiral sulfinic acid ester, (li?,2S,57?)-(-)-menthyl (5)-2-carbomethoxybenzenesulfinate, 
here reported. The overall molecular shape of the title compound depends on the dihedral angle formed between the mean 
plane defined by the ring atoms of the menthyl and of the phenyl groupings (132.13°(8)). Bond distances and angles 
about the sulfur atom, as well as the orientation of the isopropyl chain with respect to the menthyl ring are in keeping 
with those already reported for this molecular fragment (Heinemann et al, 2007; Mariz et al, 2010; Cherkaoui & 
Nicoud, 1995). In the crystal, molecules are connected via weak — H— O contacts involving the double bonded oxygen 
atom of the sulfmate group as acceptor. The resulting molecular chain propagates along the b axis direction around the 
screw axis. 

Experimental 

For the synthesis of the title compound, see: Klunder & Sharpless (1987). Crystals of the title compound suitable for 
single-crystal X-ray diffraction analysis were obtained by slow evaporation from a diethyl ether solution of the sulfmate 
ester. 

Refinement 

All the H atoms were positioned with idealized geometry using a riding model and refined with t/ is0 (H) 1 .2 times £/ eq (C) 
(1.5 for methyl H atoms). 

Computing details 

Data collection: CrysAlis CCD (Oxford Diffraction, 2006); cell refinement: CrysAlis RED (Oxford Diffraction, 2006); 
data reduction: CrysAlis RED (Oxford Diffraction, 2006); program(s) used to solve structure: SIR97 (Altomare et al, 
1999); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows 
(Farrugia, 2012); software used to prepare material for publication: PARST (Nardelli, 1995). 
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Figure 1 

Crystal structure of the title compound with labelling and displacement ellipsoids drawn at the 50% probability level. 




Figure 2 

Crystal structure of the title compound with view along the c-axis. Intermolecular interactions are shown as dashed lines. 
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(1 fl,2S,5/?)-(-)-Menthyl (S)-2-(methoxycarbonyl)benzenesulfinate 



Crystal data 

C18H26O4S 
M r = 338.45 
Monoclinic, P2\ 
a = 9.7918 (2) A 
b = 9.3938 (2) A 
c= 10.6998 (2) A 
P= 112.176(2)° 
V= 911.39 (3) A 3 
Z=2 



F(000) = 364 

D x = 1.233 MgnT 3 

Cu Ka radiation, X = 1.5418 A 

Cell parameters from 3618 reflections 

d= 4.5-64.6° 

fi = 1 .72 mnT 1 

T= 150K 

Platelet, colourless 

0.26 x 0.22 x 0.08 mm 



Z)ata collection 

Oxford Diffraction Xcalibur PX 

diffractometer 
Radiation source: Enhance (Cu) X-ray Source 
Graphite monochromator 
Detector resolution: 8.1241 pixels mm" 1 
co scans 

Absorption correction: multi-scan 

(CrysAlis RED; Oxford Diffraction, 2006) 
T mm = 0.660, r max = 0.872 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F 2 >2o{F 2 )] = 0m\ 

wR(F 2 ) = 0.078 

S = 1.07 

2354 reflections 

209 parameters 

1 restraint 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



468 1 measured reflections 
2354 independent reflections 
2115 reflections with / > 2a{I) 
Ri* = 0.021 

# ma x = 64.8°, 6 mm = 4.5° 
/* = -ll->10 
£ = -10—8 
/ = -ll-»12 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = U[o\F 0 2 ) + (0.0533P) 2 ] 

where P = (F a 2 + 2F 2 )/3 
(A/(7) max < 0.001 
Ay9 max = 0.15 e A" 3 
A/w = -0.22 e A^ 3 

Absolute structure: Flack (1983), 767 Friedel 
pairs 

Flack parameter: 0.038 (18) 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2a{F 2 ) is 
used only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 

X y Z E/jso'VE/eq 

SI 0.13357 (6) 0.36878 (7) 0.29567 (5) 0.02816 (16) 

01 -0.12928(17) 0.2413 (2) 0.29271 (17) 0.0370(5) 

02 -0.14622 (19) 0.0826(2) 0.44178(18) 0.0456(5) 
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Atomic displacement parameters (A 2 ) 
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C4— H4 


0.9500 


C15— H15B 


0.9800 


C5— C6 


1.382 (4) 


C15— H15C 


0.9800 


C5— H5 


0.9500 


C16— C18 


1.517(4) 


C6— H6 


0.9500 


C16— C17 


1.524 (4) 


C8— H8A 


0.9800 


C16— H16 


1.0000 


C8— H8B 


0.9800 


C17— H17A 


0.9800 


C8— H8C 


0.9800 


C17— H17B 


0.9800 
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C9— C14 


1.514(3) 


C17— H17C 


0.9800 


C9— CIO 


1.522 (3) 


C18— H18A 


0.9800 


C9— H9 


1.0000 


C18— H18B 


0.9800 


CIO— Cll 


1.532 (3) 


C18— H18C 


0.9800 


04— SI— 03 


107.34 (9) 


CIO— Cll— HI 1 A 


109.2 


04— SI— CI 


104.61 (10) 


C12— Cll— HUB 


109.2 


03— SI— CI 


92.81 (9) 


CIO— Cll— HUB 


109.2 


CI— 02— C8 


115.7 (2) 


H11A— Cll— HUB 


107.9 


C9— 03— SI 


113.26(13) 


C13— C12— Cll 


111.8 (2) 


C6— CI— C2 


119.9(2) 


C13— C12— H12A 


109.3 


C6— CI— SI 


115.80(19) 


Cll— C12— H12A 


109.3 


C2— CI— SI 


124.25 (17) 


C13— C12— H12B 


109.3 


C3— C2— CI 


118.9(2) 


Cll— C12— H12B 


109.3 


C3— C2— C7 


120.4 (2) 


H12A— C12— H12B 


107.9 


CI— C2— C7 


120.7 (2) 


C12— C13— C14 


109.7 (2) 


C4— C3— C2 


120.6 (2) 


C12— C13— C15 


112.2 (2) 


C4— C3— H3 


119.7 


C14— C13— C15 


110.7(2) 


C2— C3— H3 


119.7 


C12— C13— H13 


108.0 


C5— C4— C3 


120.0 (3) 


C14— C13— H13 


108.0 


C5— C4— H4 


120.0 


C15— C13— H13 


108.0 


C3— C4— H4 


120.0 


C9— CI 4— C13 


111.34(19) 


C4— C5— C6 


120.0 (2) 


C9— CI 4— H14A 


109.4 


C4— C5— H5 


120.0 


C13— C14— H14A 


109.4 


C6— C5— H5 


120.0 


C9— C14— H14B 


109.4 


C5— C6— CI 


120.5 (2) 


C13— C14— H14B 


109.4 


C5— C6— H6 


119.8 


H14A— C14— H14B 


108.0 


CI— C6— H6 


119.8 


C13— C15— H15A 


109.5 


01— C7— 02 


123.5 (2) 


C13— C15— H15B 


109.5 


01— C7— C2 


124.4 (2) 


H15A— C15— H15B 


109.5 


02— C7— C2 


112.1 (2) 


C13— C15— H15C 


109.5 


02— C8— H8A 


109.5 


H15A— C15— H15C 


109.5 


02— C8— H8B 


109.5 


H15B— C15— H15C 


109.5 


H8A— C8— H8B 


109.5 


C18— C16— C17 


110.6 (2) 


02— C8— H8C 


109.5 


C18— C16— CIO 


110.9 (2) 


H8A— C8— H8C 


109.5 


C17— C16— CIO 


113.6(2) 


H8B— C8— H8C 


109.5 


CI 8— CI 6— HI 6 


107.1 


03— C9— C14 


109.29(17) 


C17— C16— H16 


107.1 


03— C9— CIO 


107.54 (18) 


CIO— C16— H16 


107.1 


C14— C9— CIO 


113.12(18) 


C16— C17— H17A 


109.5 


03— C9— H9 


108.9 


C16— C17— H17B 


109.5 


C14— C9— H9 


108.9 


H17A— CI 7— H17B 


109.5 


CIO— C9— H9 


108.9 


C16— C17— H17C 


109.5 


C9— CIO— Cll 


108.34 (19) 


H17A— C17— H17C 


109.5 


C9 C10 CI 6 


1 12 98 (19-) 


H 1 7B C 1 7 H 1 7C 

ill / 1— ' 1.1 111 / • 


109.5 


Cll— CIO— C16 


115.0(2) 


C16— C18— H18A 


109.5 


C9— CIO— H10 


106.7 


C16— C18— H18B 


109.5 


Cll— CIO— H10 


106.7 


H18A— CI 8— H18B 


109.5 


C16— CIO— H10 


106.7 


C16— C18— H18C 


109.5 
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C12— Cll— CIO 
C12— Cll— HllA 


112.09(19) 
109.2 


H18A— C18— H18C 
H18B— CI 8— H18C 




109.5 
109.5 


Hydrogen-bond geometry (A, ") 


D — H—A 


D — H 


R-A 


D-A 


D — R-A 


C5— H5-04' 


0.95 


2.42 


3.337 (3) 


161 



Symmetry code: (i) -x+l,y-l/2, -z+1. 
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